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CLAIMS 



[Claim(s)] 

[Claim 1] The pattern art which is a pattern art of the ingredient pattern which consists the resist pattern or this 
resist pattern formed through exposure and a development process of a resin pattern formed as mold, and is 
characterized by heating the surface field of said ingredient pattern alternatively, and carrying out a reflow of 
this surface field alternatively by optical exposure. 

[Claim 2] It is the pattern art according to claim 1 characterized by said optical exposure being performed by 

the light-from a-flash-lampr — — — — — — — : ^ — .; ■■ ' — — — — - — ~ ~ - 

[Claim 3] Said optical exposure is a pattern art according to claim 1 characterized by being carried out to the 
"on" period of the shutter which carries out ON / off actuation by the light which passes this shutter. 
[Claim 4] The period of said optical exposure is a pattern art according to claim 1 characterized by being ten or 
less mses. 

[Claim 5] Said optical exposure is a pattern art according to claim 1 characterized by being carried out by the 
light of wavelength which has an extinction coefficient from which the absorption coefficient of the ingredient 
which constitutes said ingredient pattern becomes one or more [ 1 .2x1 0000cm - ]. 
[Claim 6] The pattern art according to claim 1 characterized by performing processing which cools said 
ingredient pattern before said processing heated alternatively at least. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a pattern art, especially arts, such as a resist pattern used in the 

production process of a semiconductor device. 

[0002] 

[Description of the Prior Art] In the detailed pattern formation below the exposure wavelength by optical 
lithographyT the^dger ollglmess of a~resisrp~attera is posiiig a pfdblemrwith lackof contrast on the~sttength 
[ optical ], the heterogeneity of a resist ingredient, etc. The edge roughness of a resist pattern is imprinted in a 
processed layer, and produces un-arranging in local dimension dispersion or an embedding process. 
[0003] Although reduction of edge roughness has been conventionally performed by the improvement of a 
resist ingredient, it is becoming difficult only by the improvement of a resist ingredient to satisfy all demands 
called reduction of high definition or edge roughness as a pattern is made detailed. 

[0004] Moreover, use of the reflow technique by heating is also considered about the improvement of edge 
roughness. However, in heating using a hot plate etc., if whenever [ stoving temperature ] is made high, the 
fluidity of a resist will increase and a lifting and pattern deformation will become [ the whole pattern ] 
remarkable about a reflow. 

[0005] Moreover, the technique of performing UV cure is also known from a viewpoint which raises the RIE 
resistance of a resist pattern (for example, JP,4-78982,B etc.). However, when this technique irradiates UV light 
30 seconds to about 1 minute, heats a resist pattern and heats to the temperature which a reflow produces so that 
a resist pattern may not deform by the reflow, since heating is loose, a lifting and pattern deformation will 
become [ the whole pattern ] remarkable about a reflow. 

[0006] Moreover, also with an ashing technique, although the improvement of edge roughness is possible, a 
pattern dimension (Rhine width of face) becomes thin. In patterns, such as Rhine - and - tooth space, and a slit, 
in the above-mentioned pattern dimension's becoming thin, expecting an amount and finishing Rhine more 
thickly, it produces the fall of large exposure merge. Moreover, since ashing is performed within vacuum 
devices, it also has the problem that a throughput falls. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, the edge roughness of a resist pattern is posing a problem as a 
pattern is made detailed. However, it was difficult to improve edge roughness, without producing a fall, pattern 
deformation, etc. of definition by the conventional technique. 

[0008] This invention is made to the above-mentioned conventional technical problem, and it aims at offering 

the pattern art which can improve edge roughness, without producing pattern deformation etc. 

[0009] 

[Means for Solving the Problem] The pattern art concerning this invention is a pattern art of the ingredient 
pattern which consists the resist pattern or this resist pattern formed through exposure and a development 
process of a resin pattern formed as mold, and is characterized by heating the surface field of said ingredient 
pattern alternatively, and carrying out a reflow of this surface field alternatively by optical exposure. 
[0010] Since a reflow of the surface fields, such as a resist pattern, is alternatively carried out by heating surface 
fields, such as a resist pattern, alternatively by optical exposure according to this invention, the reflow of the 
whole pattern caused by heat conduction to the interior, such as a resist pattern, can be prevented, and edge 
roughness is improvable, controlling the pattern deformation by the reflow. 

[001 1] in order to heat surface fields, such as a resist pattern, alternatively - a short-time optical exposure - it 



is made to perform an optical exposure in the period often or less mses preferably. Although it is desirable to 
perform a short-time optical exposure by the light from a flash lamp, the light which passes this shutter may be 
made to perform to the "on" period of the shutter which carries out ON / off actuation. 
[0012] In order to heat surface fields, such as a resist pattern, alternatively, it is made for the exposure 
absorption-of-light ratio in a surface field to become large. It is desirable to perform an optical exposure by the 
light of wavelength which has an extinction coefficient from which the absorption coefficient of the ingredient 
which constitutes a resist pattern etc. specifically becomes one or more [ 1 .2x10000cm - ]. 
[0013] Moreover, surface fields, such as a resist pattern, can be made easy to be able to raise the temperature 
gradient of surface fields, such as a resist pattern, and a contrant region, and to heat more nearly alternatively, if 
processing which cools a resist pattern etc. before the processing heated alternatively at least (before heat- 
treatment may be good and you may be from before heat-treatment to until after heat-treatment) is performed. 
[0014] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with reference to a 
drawing. 

[0015] First, the underlying concept of the operation gestalt concerning this invention is explained with 
reference to process drawing shown in drawin g 1 . 

[0016] Drawing 1 (a) shows the condition of having formed the resist pattern 2 on the processed substrate 1 
with whi ch th e workpiece was formed on semi-conductor substrates, such as a silicon wafer. A resist patter n is 
formed through each process, such as the usual lithography technique, i.e., spreading of the resist film, pattern 
exposure, PEB (postexposure BEKU), and development. As shown in drawing, irregularity is shown in the front 
face of a resist pattern 2, and edge roughness cannot call it fitness. 

[0017] Then, after the process of drawing 1 (a), in order to improve edge roughness, as shown in drawing 1 (b), 
surface field 2a of a resist pattern 2 is heated alternatively. As shown at drawing 2 at heat-treatment using a 
flash lamp, the exposure light 4 (pulsed light) from a flash lamp 3 is irradiated at a resist pattern 2. As surface 
field 2a of a resist pattern 2 carries out a reflow alternatively and it is shown in drawing 1 (c) by this heat- 
treatment, the resist pattern 2 with which edge roughness has been improved is obtained. As for whenever 
[ stoving temperature ], it is desirable to carry out to beyond the glass transition point temperature of a resist 
ingredient. 

[001 8] Although it will be heated to the interior of a resist pattern 2, and the resist pattern 2 whole will carry out 
a reflow, and the resist pattern 2 whole will carry out pattern deformation as shown in drawing 3 when heating 
time is long, by using a flash lamp 3, heating of ms order (10 or less ms) is possible, and edge roughness can be 
improved, carrying out a reflow only of the surface field 2a of a resist pattern 2 alternatively, and maintaining 
the rectangle configuration of a resist pattern 2. 

[0019] Generally, in the range of wavelength of exposure light, light is absorbed in proportion to optical 
reinforcement in a homogeneous ingredient. Therefore, the surface field of the amount [ of light absorption ] per 
unit volume increases more than a contrant region. In order to heat only a surface field efficiently, in the case of 
i line resist or a KrF resist, it is desirable the wavelength which a resist ingredient tends to absorb, and to 
irradiate ultraviolet radiation with a short wavelength of 200nm or less generally. 

[0020] When the energy density of the heating light source is low, not only a surface field but the temperature 
of a contrant region rises by heat conduction of a resist ingredient. Therefore, the property of the flash lamp 
which heating ends for a short time is desirable. Although 1 / 2 pulse width of the used flash lamp are 1.5 mses, 
even if pulse width is about 10 or less ms, it is thought that there is same effectiveness. 

[0021] The amount dl of absorption of light between the minute distance dx of the direction of a light emission 
in an ingredient can be described to be dl=alpha 10 exp(- alpha x) dx. 10 The distance from an ingredient front 
face and alpha of the optical reinforcement on the front face of ****** and x are absorption coefficients. The 
exposure absorption-of-light ratio in an ingredient front face becomes high, so that alpha is large, and 
temperature falls rapidly [ the interior ]. 

[0022] In a last shipment (Rhine - and - tooth space) pattern, an aspect ratio (ratio of resist thickness and the 
Rhine dimension) is about three in many cases. When irradiating light at the pattern lower part of an aspect ratio 
3, the optical path length in the resist film is 101/2 of the depth from a resist film front face. It becomes twice 
(about 3.1 times). 

[0023] The amount of exposure absorption of light in the optical path length of 31nm from a resist front face 
and a depth of lOnm becomes 95% of the outermost surface at the time of alpha=1.2xl0000cm-l. The transition 



point temperature of the glass of a resist ingredient is usually 130-160 degrees C Since a temperature gradient 5 
degrees C or more will arise between the outermost surface and the part of lOnm of the inside if it is 
alpha>= 1.2x1 0000cm- 1, and a resist front face is heated from the room temperature of 25 degrees C to 160 
degrees C, only a surface field with a thickness of about lOnm is considered to start a reflow. 
[0024] In addition, the ingredient to which the absorption coefficient to exposure light becomes large with an 
optical exposure or heating by light absorption exists. With such an ingredient, it is able to acquire the 
effectiveness expected by this invention, even if the absorption coefficient before an optical exposure is smaller 
than alpha=l .2xl0000cm-l . 

[0025] The effectiveness of heating a resist front face can be acquired, if the above-mentioned relation is 
satisfied in all wavelength even if it is not only the homogeneous light but the multicolor light which satisfies 
the relation of alpha>=1.2xl0000cm-l. Moreover, even if it is broadcloth light, the great portion of 
luminescence wavelength should just satisfy the above-mentioned relation. If the reinforcement of the 
wavelength with which are satisfied of alpha>= 1.2x1 0000cm- 1 is fully strong in that case, it is possible to carry 
out a reflow only of the resist front face alternatively. The effectiveness that the light of the wavelength of 
alpha<1.2xl0000cm-l heats the surface field of a resist alternatively is small. However, since the light with a 
small absorption coefficient is hardly primarily absorbed in a resist, when the rate of an intensity ratio in 
broadcloth light is small enough, the effectiveness of heating a surface field alternatively seldom falls. 

[0026] While being short wave Nagamitsu who latisfiesjhe relation of Abo ve alpha as the exposure lig ht 

source, it is desirable for a high energy consistency and an exposure period to be the things for 10 or less ms. As 
a source of ultraviolet radiation, use of the continuous spectrum of synchrotron orbital radiation is also 
considered by a heavy hydrogen arc tube, solid state laser, and the pan. It is desirable to control ON/OFF of 
exposure light (passage/cutoff) by considering as concomitant use with a mechanical shutter, and it is desirable 
that it is made to perform an optical exposure in the period for 10 or less ms like the case where it is a flash 
lamp. 

[0027] By cooling a resist ingredient before a heating process, the temperature rise width of face of the skin 
temperature by optical exposure becomes large. Therefore, the temperature gradient of the surface field of a 
resist and a contrant region becomes large inevitably, and it becomes easy to carry out a reflow only of the resist 
front face. Drawing 4 is drawing having shown the relation between the optical path length from a resist front 
face, and temperature, (c) is shown, when raising temperature from a room temperature (25 degrees C) to 1 60 
degrees C by alpha=5x 1 000cm- 1, raising temperature from a room temperature (25 degrees C) to 160 degrees C 
by (a) alpha= 1.2x1 0000cm- 1 and raising temperature by (b) alpha= 1.2x1 0000cm- 1 from liquid nitrogen 
temperature (-196 degrees C) to 160 degrees C. As shown in this drawing, when heating from liquid nitrogen 
temperature to 160 degrees C, in the optical path length of 31nm from a front face, and a depth of lOnm, it 
becomes 147 degrees C and the temperature gradient with a front face is expanded even to 13 degrees C at (c). 
[0028] Moreover, when the resist front face is an elevated temperature very much, when it is small and the 
temperature gradient inside a resist is small, a reflow may arise [ the exposure absorption-of-light multiplier 
alpha ] also inside a wafer by heat conduction. In order to prevent this, it is effective to cool also after the 
heating process termination by optical exposure. Moreover, it is effective to perform cooling after heating 
termination from a resist forming face side by cooling from a substrate side, to the resist pattern upper part, for a 
certain reason, also when cooling effectiveness is bad. Emission of coolant gas can be considered as the means. 
[0029] In addition, blasting of the elevated-temperature gas (a hot gas is more desirable than the glass transition 
point temperature of a resist ingredient) on the front face of a resist is also effective in addition to the optical 
exposure of a flash lamp etc. Although the heat capacity of a gas per unit volume is small, it is thought by 
spraying continuously at high speed that control of the heat capacity given to a resist front face is possible. 
[0030] Moreover, it is also possible to remove the several nm front face observed as edge roughness by heating 
only the surface field of a resist by optical exposure more than decomposition or sublimation temperature of a 
resist ingredient, or reaction temperature with a controlled atmosphere. When oxygen or ozone is especially 
contained in the controlled atmosphere, it is thought that ashing and similar effectiveness are acquired. In this 
case, since it is not necessary to necessarily process in a vacuum unlike the usual ashing, the improvement in a 
throughput by the abbreviation of a reduced pressure process can be expected. 

[0031] Moreover, when an organic lower layer antireflection film (BARC) is used, additional effectiveness can 
be expected depending on the quality of the material. When the direction organic [ BARC ] has decomposition 
or low sublimation temperature, or when it tends to react with a controlled atmosphere rather than the resist 



film, in the BARC film, reduction in thickness becomes large rather than the resist film. Generally, the selection 
ratio of the resist in RIE and BARC is about 1, and resist thickness decreases by the almost same thickness at 
the time of BARC processing. Therefore, before RIE, if the BARC film of reduction in thickness is larger than 
the resist film, the resist thickness which can be used as a processing mask will increase. 
[0032] Moreover, supposing decomposition temperature was 250 degrees C when heating only the surface field 
of a resist by optical exposure more than decomposition or sublimation temperature of a resist ingredient, or 
reaction temperature with a controlled atmosphere for example, the temperature gradient of a front face and the 
interior came to be shown in drawing 5 . Drawing 5 shows (b), when raising temperature from a room 
temperature (25 degrees C) to 250 degrees C by alpha= 1.2x1 0000cm- 1 and raising temperature by (a) 
alpha=1.2xl0000cm-l from liquid nitrogen temperature (-196 degree C) to 250 degrees C. As shown in 
drawing, in (a), in the optical path length of 3 lnm from a front face, and a depth of lOnm, it is 242 degrees C 
and the temperature gradient with a front face becomes 8 degrees C. In (b), in the optical path length of 3 lnm 
from a front face, and a depth of lOnm, it is 234 degrees C, and the temperature gradient with a front face 
becomes 16 degrees C, and a temperature gradient expands it rather than the case where it does not cool. 
[0033] In addition, when the ingredients used for a reverse pattern when obtaining a reverse pattern by using a 
resist pattern as mold, although the above explanation is described about the roughness improvement effect in a 
resist pattern are resin ingredients (for example, the Pori Shiroki acid, a fluorine polymer, etc.), after removing 
the r esist pattern used as mold, it is also possible to apply the t echniq ue menti oned above and th e sam e 
technique to a reverse pattern. 

[0034] Hereafter, the concrete example in this operation gestalt is explained. 

[0035] (Example 1) After forming 60nm and 300nm of chemistry magnification mold POJIREJISUTO for KrF 
for the antireflection film AR 5 made from Shipley on a silicon wafer, exposure by the KrF aligner was 
performed, PEB and development were performed further, and the resist pattern was formed. 
[0036] Light was irradiated in nitrogen-gas-atmosphere mind to the resist pattern of the large rectangle of the 
formed edge roughness using the flash lamp which enclosed Xe gas. Distance between a flash lamp and a resist 
pattern was set to 20mm. The capacitor capacity of a flash lamp is 2070 micro F, arid an inductance is 200 
microhenries. 1/2 pulse width of a flash lamp are about 1.5ms. Applied voltage was made into five kinds, 
1.8kV, 1.56kV, 1.47kV, 1.3kV, and LOkV. each exposure energy density - 20 J/cm2, 15 J/cm2, 13.3 J/cm2, 10 
J/cm2, and 6.2 J/cm2 it is . the spectrum of a flash lamp — data are as having been shown in drawing 6 . 
[0037] In conditions (the applied voltage of 1.56kV, 1 .47kV, and 1.3kV), edge roughness reduced the 130nm 
last shipment pattern, with the rectangle configuration maintained. At this time, change of a pattern dimension 
was about 5nm or less. The pattern deformation by the reflow arose on conditions with an applied voltage of 
1.8kV, and edge roughness has not improved on the conditions which are LOkV. 

[0038] (Example 2) It may replace with the flash lamp containing [ which was shown in the example 1 ] Xe, 
and the flash lamp which enclosed the gas which has the emission spectrum of short wavelength rather than Xe, 
such as Kr, Ar, or Ne, may be used. 

[0039] It is the optical reinforcement on the front face of a resist 10 When you carry out and you express the 
optical reinforcement I in the advance distance x in a medium (resist) as 1=10 exp (- alpha x), let an attenuation 
coefficient alpha be an absorption coefficient. When the extinction coefficient of wavelength lambda is k, it is 
alpha=4pi k/lambda and, generally, as for alpha, the direction of short wavelength becomes large. 
[0040] In a KrF resist, it is set to 1 on the wavelength of 248nm, and is set to k= 0.3 and alpha=l. 9x1 00000cm- 
1 on k= 0.01 and alpha= 5x1000cm - the wavelength of 200nm. The temperature gradient of the front face of a 
resist and the interior becomes large, so that alpha is large, as shown in drawing 4 . With [ when light is 
irradiated at right angles to a resist front face ] one [ or more / alpha= 5x1 0000cm - ], a 5 -degree C temperature 
gradient arises in a resist front face and lOnm inside. 

[0041] Even if it irradiates light from the wafer upper part, light is irradiated by the resist side attachment wall 
from across. When the aspect ratio of a last shipment pattern is 3, the optical path length in the resist film is 
101/2 of the depth from a resist front face. It is twice (about 3.1 times). 31nm of optical path lengths reaches a 
depth of lOnm from a front face. If it is alpha=l. 2x1 0000cm- 1, between a front face and lOnm inside, a 5- 
degree C temperature gradient will arise in whenever [ said incident angle ]. 

[0042] (Example 3) It replaced with into the nitrogen-gas-atmosphere mind of an example 1, and the light of a 
flash lamp was irradiated to the nitrogen gas of a room temperature with the sink. 

[0043] Unlike the example 1, the effectiveness of an edge roughness improvement was not seen by 1.3kV. 



Moreover, although deformation of a resist pattern had arisen by the reflow in the applied voltage of 1.8kV, 
compared with the case of the example 1 which performed the optical exposure in the condition that nitrogen 
gas is standing it still, pattern deformation was small. 

[0044] (Example 4) It replaced with into the nitrogen-gas-atmosphere mind of an example 1, and the flash lamp 
was irradiated in atmospheric air. The other conditions are the same as aii example 1. 

[0045] The pattern deformation by the reflow arose in the applied voltage of 1.8kV. On conditions (the applied 
voltage of 1.56kV, 1.47kV, 1.3kV, and LOkV), edge roughness reduced the 130nm last shipment pattern, with 
the rectangle configuration maintained. At this time, 20-5nm of Rhine dimensions had become thin. 
[0046] Moreover, in addition to the effectiveness of edge roughness reduction, on conditions with an applied 
voltage of 1.3kV or more, the lower layer antireflection film AR 5 was removed nearly completely in the big 
resist omission part of a chip periphery. Moreover, in the applied voltage of 1 .56kV, 130nm last shipment 
extracted and the thickness of AR5 of a part was also decreasing by about lOnm. Reduction of the resist 
thickness of the Rhine part at this time was about 5nm. 

[0047] As mentioned above, although the operation gestalt of this invention was explained, it is possible for this 
invention to deform within limits which are not limited to the above-mentioned operation gestalt and do not 
deviate from the meaning variously, and to carry out. 

[0048] .-v, ;/ , v : v k-,^ X.<- X 

[Effect of the I nvention] According to this invention, it becomes possible by heating s urface fields, such as a 
resist pattern, alternatively and carrying out a reflow of this surface field alternatively by optical exposure, to 
improve edge roughness, it being prevented that whole a resist pattern etc. carries out a reflow, and controlling 
pattern deformation. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Process drawing having shown the outline about the pattern art concerning the operation gestalt of 
this invention. 

[Drawing 2] Drawing having shown typically an example of the heat-treatment in the operation gestalt of this 
invention. 

[Drawing 3] Drawing in which the whole resist pattern's having carried out a reflow, and having shown the 
"conditiid^of ha ™ : ~" — — - ■ ' ;■ ~- rrr- 

[Drawing 4] Drawing having shown the relation between the optical path length from a resist front face, and 
temperature. . 
[Drawing 5] Drawing having shown the relation between the optical path length from a resist front face, and 
temperature. .' 
[Drawing 6] the spectrum of a flash lamp - drawing having shown data, 
[Description of Notations] , : 

1 — Processed substrate 

2 — Resist pattern 

2a ~ Surface field of a resist pattern 

3 — Flash lamp 

4 — Exposure light 
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'J »JBLTOJBM-C*!ffi»*ff 0 ± "9 C+4. SUBO* 

fiB.Mli, 77 7->i7>'7'*t)Oil:iotffT-t* ! 

#i Lv»*«, *>/*7ftitt1-4-> + 

Kits' + ? ^-Sraat47ticioTff n iiatt 

[0012] UvX h/N-*->^03EB!i#*jg#?fl<JK 
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iral»* 4 a tci4, &w®®-e<DmttJb<oiR!llitmi) t * 
§<ft4i7i::1-4o A*MUli> V'JX \-rt*r->*$ 
£$)£* Z>#&<7)fkiVL%m< 1 . 2 X 1 0 0 0 0 c m-1 
&±. i: ft 4 4 7 ftM«#»*;£*4i£:KOftKi oX% 

[0 0 13] ifc, 4>ft< bi>M1R®lztimtZ>*&m<D 

IlttfibotUv') IC, I'yXW^-^*^ 

-e#4 0 

[0 0 14] 

*%HO$fbg8*HH* 

MIL-CM!**. 

[0 0 15] *-f, #&iJ3i::«4|?ttJ&®0£*W«& 

JCOJWX,-H-UC^L.fcI8H*#JR-L. - C.RW*-*-o — 
[0 0 16] HI (a) li, ->V3>^x/^©i|tj»# 

*«±t=*lDl»#»JS*flfc*lllI»« 1 ±K, US' 
7, h/<*->2*^£L£#cg?£^L"CV>4 0 l/y*xl> 
/<*->!4, If©'jV/5 7-f-a«, t4fc*>Uy 

PEB (#7,h-X7* 

(Or** 0 HI K article, Ui?z.Y/Hr->2 0>$aa 
IciilHIfi*** •) , x » li«*.*v». 
[0 0 1 7] *tT, HI (a) OIBOjl, x?yj 
7 ****** *fc*K HI (b) UjjrtJ:? IC, I/-/' 
* h/<*->2<0«Bf|«2 a*MRtt£hlft**. DP 
l»rj!0 ! S(Cli^xlf7 9-y ya7>^fflK H2 izm-t 
*7K, 7 7 -7 ->i7>7*3^e>©S9W3t4 (>>*;V7, 
36) *Uy*7, h/t^-V2C]|R|t*«o - OiD&Mai: 

70- L, HI (c) KjjrtJ: -5 K, i-r>'77^# 
MISiifcus;;* w<*-v2i»fie>ft*. in&SK 

14, l^>'7, h*m© #5 *|E»j&H]SJ&± £**££# 

[0 0 18] ipJft^H*»Sv»»^i;ji, uyx 
>2<oi*iSit , so*i^nru->*^ h^->2^#<"j 

7D-U 1213 (C^i-J: 7 i:Uy^ h * - > 2 ^ft* 1 

— >^.MLX L i 7 777ya7>7*3JfflV> 

4itK4»), S'J#*-^- (10m s&T) OilDil 
*«»rS6T*»), Uy^h/^->2«|Ifa2aOA 
**a*?W^'J 70-$*lT, UvT, h^^->2(Offi^ 

#4o 

[0 0 19] -ftK, ffitt%t>&JMi£3«>iBHC£''>-C 
^Rftttftt'-Ctt, #&«KJfcfflLTftrinftJR$*i*o 

•f 41:14, iSl/y^h^KrPUy^foa^ l/y 
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* h*M*©i»JRL**Hj«, -&WIC2 0 0 nmfilT 
©flttft©*ft36*M»*4£i:* t a*Lv». 
[0 0 2 0] Jn«k3fcHOx*/v^-ffJt4fftv»*frK- 
li, UVAYtmom&mzt*), $ESi8<0*ftP>* 
F*lg5SiSOiaS4±#t4o *<r>tz*), MlSHTjD&a* 
&T * 4 7 5 y -> a 5 > 7*©#ttl4M i L v» t Ot* 

4 o ttffl L tz 7 7 7 U a 9 V 7*0 1 / 2 /OU* 4BI4 1 . 

5 $'JS?T**4**, '<*XttPl OmsgJtmT-Cfco 
T t 4 t # x ft 4 o 

10 [0 0 2 1] C*»t**Oft»*ftoaUhHHd 
xHK*»t**C«JRftd I 14, 
d I = a I o eip(-nx)di 
tie5E"C§4 0 I o »i#*HftH-co*a*, xliftfRK 

H*t»OHIt, < I l4KlR#»t , *4o ai><*Z^ll¥# 

*«mc*tt*BMt*©iWjm:**t« < * o , rtsetif 
*»ua*3»»fiT*4. 

[.0.0-2-2-l-L/S (-5 4->---7- > K- •■-*-<*---*-)- a*-*-. 

-V(C4JV»TI4, 77,^7 hit (Uv7,h&jpt7'f> 

*£«Difc) * t 3gST*4*&-&##v» 0 77,-^7 Mfc3 
20 0/<7->T8&i:i7fc*{Blt*4i:§, U-77, Ym^toyt 

e&«l4Ui>7, MRfEHfrbOHSOl 0i/2(& (»3. 

ltt) tft4<, 

[0 0 2 3] ff = l. 2 X 1 0 0 0 0 c m-UDk V 
vT, hSH^t><03t;8&ft3 1 nm, 1 0 nmtc43(t 
*J!Mt*0!MJl*Ht, £*W09 5%£ft4<> U-77, K 
W*K>*r?*©(ElMcaWEtt» Ml30-160t? 
£>*. <r2 1. 2 X 1 0 0 0 0 c m-i-C*ill4*, £?S2 
5t^l/-7X faBSr 1 6 0t*TjDlk**i:* fi« 
{Bt-tOrtfflJl 0 nmOgBfritDPflTStlJLtOjaffiM 
30 a*££4fc*, US 1 0 nmfEftO&BfWt0*4''J 7 
n-*jBi1"i:#x.t>n4„ 

[0 0 2 4] ft 43, *MltafL<li*««KJ:*lnH!!Hw 
lot, Htt*U*t*4*««SW«*a < 44tttWf 
«+4 0 iOi7i#ft-C*ni4-, 7tfia.Wir«%iR«Sc 
0= 1. 2X10000 cm-iJ:t3/h$<-C'{ ) , * 
%^X-^1-4a**#4ii:**nr^Ti4o 

[0 0 2 5] Uv>7, h^ffi«rjD^1-43cli*l4, 
2 X 1 0 0 0 0 c m-KDM#*ilJ£*4#fe*lC|!Rf ) 

40 J£i-itl4-1#4it7!i*T-§4o tfc, 7-n- K5tT-4>or 

RS, oSl. 2 X 1 0 0 0 0 cm-i£ri£-t4i£fi03a 
J£#+7>K5&17*U4\ UvT, HtH«5**a«!ttKV7 
n-$^-^ii:i4prffiT*4o «< 1. 2 X 1 0 0 0 0 
c m-iO&S(7)jfel4, l/y^ hO*H««*a«ttCi)D 
f»*4»*tt/h«v» 0 L^L, -et-f-ttRJlX^S^/h? 

k*u a it * 3d*tt**«+fl-K/h $ v»»-fr»: 14 , %wm 

« * SIR ft K a«l* 4 jsS* 14 * i •) fiT L ft v> 0 
50 [0 0 2 6] ISMUMt LTI4, ±E • Ogg^«r>«^* 
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imwL&ft-ebzk t tic jtx*/v^-af**ojiMt 

a*©***** h/u©jflia*#;t&ii4o 

/JSBf) ©flJWfcfH L<> 7 7 7 v a 7 > 

^■©•^iH*, 1 OmsJftTOMHTjfcBtttfT? 1 

[0 0 2 7] tmXfflbliZUi?* h#»*aSJ+4£ t 

gSfttia*t<OB8#Sr*U/wiI-C4>ao « = 5X100 
0 c m-iTgfi (2 5"C) 1 6 0 *C ±# 
(a) > o = 1 . 2X10000 cm-itl 

-a--(-2-5-t:f -*»$>-! 6 e- , 64-'C«*fek*-s-*fc»* ! — 

(b) , « = 1. 2X10000c m-i-ca#aaaa 

(- 1 9 6t) frhis or*-ca«*±#**fc»* 

(c) **LTv>*. £ ©UK/Ft i *£#aaa 

a*»e»i 6 ot*Tiniai-4*fr (c) tea, aa*& 

©*S&ft3 1 nnu SIS 1 0 nm-Ctil 4 7Cfc*9« 
[0 0 2 8] Sfc, l/y^h*ffi4^«U*aic4or 

jh-f * k a , #a» K i * in&ifi&T a K fc $£P t ff 

-tO^etLTIi, fcaaraotta** 
[0 0 2 9] 75r>a5'/ 7*© jfcaWEWl- 

a-?**, aaiiaaaa** sv»**. 
4*4ag*©»jaa i ^a?*4fc#x.e>:h.4o 

[0 0 3 0] Uy^KOSIffiMO*«rtWi: 

h^#x t ©Risaafl±Kin«k-r s:tt> * * ->*7 

7 * X 1 1 X®% S ft4 SffiS n m ©* 4r Bfc*t 4 - t 

# t n r v> a k a , r ? •> > tr t l 
EEIS©«auJ:4;*/t'-7*7 M6]±a»&&*4. 

[0031] $m®Km±m (baro * 
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•L*+v»»<frfcli, UvX MBU 0 fcBARCjg©?}** 
aW©*^*** < 44. -UK, R I EK.fett4 Uv 
X hiBARCOSiRJfclilitflT***), BARCSfll 

B*Ktt««Htaafl-£*7i'-:>* haa#«^-i"*. t 

tztfvX, R I ElltKUy* M&i *) fcBARCa©* 

i/vx faa* f auni-4. 

io [00 3 2] ifc, VVX h«>awa««>*«r*M»K 

iS£ri*2 5 CCf*^ ti-^t, «ffit rtS6t O^SM. 
J4I115 iC^L^J: -5 ^^4. a = 1. 2X10 

0 0 0 c m-it?ma (2 51C) frb 2 5 OlCifajS* 
±#S-*/wS^ (a) , o = l. 2 X 1 0 0 0 0 cm-i 

- ..-.^«#aaaa-x=-i-9-6-ic.)-*J5>.2..5-o- , c4--caa* - - 

±#$-*fc*-& (b) iiULX^Zo mu^-f i-5 1:> 
(a) <0$-&Kli, aa*?>03t»ft3 1 nra, S$ 1 
20 0 nm-CI42 4 21C-C$>I3, *ffit<OSff^»48t:t« 
(b) O^icii, *ffi^e>©3fcl&fi3 1 nm, a 
$ 1 0 nmTli2 3 4tt*5, Sffit <0fiJSM«i 1 6 

[0033] ^is, a±«>aw«±vy^h^*->c* 

(t47 7*X&Ha*UB5LT&^£fc<0-e**#, W 

tfflKsuv^ h/<^->*a*L^a, ±aL«:¥a 
30 traao^j**R<s-'<^-i'Ujtj-L , ra^t4it t"i 

t|-C*4« 

[0 0 3 4] JTF, 4:aa«aci)tt4A#M4:aan 
UOV>TgiKt4o 

[0 0 3 5] (SMfll) '/'JavJi^lKShip 
1 e yttaSftESJtaAR 5*6 0 nnu K r Ffflib^ 

a«a#ywvx h*3oonm3BaLfca»=, KrF 
a*aauj:*a**fTV», s^iwPEBs^masr^ 

[0 0 3 6] gjtJjlfcx? v9 7^X<0TC#v»$|JgO 
40 i/y^ hy^->lcitLT, X e #x£#tALfc75 v 
vi5>7*fflv^raS#ffl^+-C3t?:raStL^o 77 
•y->i5>7tWvX h/^->t©HI(OJ6aii2 0 m 
mtLt. 777">a7>'7'W3>f>t§ili2 07 
0/t/F, 'f >^^^>XI42 OO^Hfib^o 777V 
i7>7<0 1/2^<;W^iHli^l. 5msf*5o 
mEli. 1. 8kV, 1. 5 6kV, 1. 4 7 k V, 

1. 3kVSJ;i. 0 kV©5iStLfco *ti?Hto 
MWi^^^-aaii, 20J/cm2, 15J/cm 

2, 13. 3 J/cm2> 10J/cm2, 6. 2J/ 
50 cmlX-hb* -7J ; 'sa.7>-f<nft1t7'-9\tm(>i- 
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[0 0 3 7] EPiDSEl. 5 6kV, 1. 4 7kV, 
1. 3 k V<0*#K£v>-C, 130nm(OL/S/^- 
> liJSBJSM* * It* Lfc****y97** *M&* t 

^ 1. 0kVOMtlii'r/7 7^ 

[0038] mmm 2 ) njses 1 ?m ttzx e &a<d 

77-;ya7>yi:ftxt, Kr« A r g!cV>tiN e %t<D 10 

t77-r/i7V7*ftI LT & iv» 0 
[0 0 3 9] U5>* HEBT©jfe3l**Io fcU ttK 
(Vy'^H +K4Jtt**ffKltx-C03fcSIKl t» 

I = 1 0 exp(-ax) 

M*#&#kOt§ 

a = 4 * k/A 

[0 0 4 0] K r Fl/v* MCfcv^T, i$S2 4 8 nm 20 
flik = 0. OK « = 5X 10 00cm-i. &S2 0 
0nm"Clik = 0. 3, a = 1 . 9 X 1 0 0 0 0 0 cm 

ho*Bfcrt»i:oawau***<««. \s*j*y%.w 

KSttfc3fc*l!B*tL*::»£\ o = 5xi0000cm-i 
J&±?**ltf, Y9mt 1 0 nmrtflli:-Cli5t: 

[0 0 4 1] ^3-^±.?5frb±*WMLX*>, l/y^l- 
«« K lifHMTIfll* ** f Ilt S*l&o L / S * - V 
©7^> Hk**3©t §UI±, MSifOjtKS 30 

iiUi/'T. h £ffi^t><D8i$?>l 0i/2fc (|&3. ltt) 
•C**„ a®*»t> 1 0 nm<D^$lCit-f-5><Ofi7fel&S3 

1 nmfJbio a=\. 2 X 1 0 0 0 0 c m-i-C&ft. 
H\ BtSAWftaUi3V>r, SBt 1 0 nmrtfflltcoF^ 

[0042] (*jfetwj 3 ) mmm 1 ©fl*»Hai«H=ft 

i.T, Sia<0Sf#X*SJ;LiA { f.77 7yi7>7'© 
[0 0 4 3] gmffll fcUfcl), 1. 3kV-Clii-^->* 
1. 8kVtl± i ;7n-(:J:otl'yX|>;^->ot 

m<£. i x ^tz #x limit Lx^htm x%m 

[0 0 4 4] (fgfflfl 4 ) $ife0| 1 Uft 
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[0 0 4 5] BttOtEl • 8 k VCiiU 7n-tc,t^>"? 
* - Cfco entlD^E 1 . 5 6 k V, 1 . 4 7 

kV, 1. 3kV, 1. OkViO^tli, 1 3 0 nm 
<0 L / S / < * - > it , gjgjgtt t»»U*iX7 v* 7 
7***«ft»Lfco £<Pt l7-f >+ftl*2 0-5 nm 

[0 0 4 6] ttz. i?y9 7*Afiitoa*UjDx 
t\ 9H|«E1. 3 k VW±0|fe^-C-(i, f--^7^2SB 
©**4l/-7*htt*»fl-»=*vvc, TJIRttttikRA 
R Si'iaH^^CRiSilTV**:. EPiDftEE 1 . 

5 6 k VUiSV^TIi, 1 3 0 nm<DL/S<7>tk£Ufr<D 
A R 5<7)Kff*>i& 1 0 nm^PLX^fzo Z<Dt^(Oy 

[0 047] *&wammmi&mitzv v # 
ir * &k l % v^fgH « ic & v » xm * mz- l x %n-t * - 

[0 0 4 8] 

f©M* fi J7o- thz\ti)m^fi, 

iWM Looir>*7 7^ fcefc*"* hit ifl^Ht 1 4 
[HiBOttJ|L*K8] 

[Hi] *M!0«Bli:«4'^->»WSW 

[0 2] *HW<OHM^lci5»t&i0^a<O-«S:1g 

[H3] l/v^ h^-^W7D-U/^-> 

[04] U-i/*^ h*ffi*»f»Ojt»fti:iaSi:©Hff*:^ 
Ltz Ho 

L£0 O 

[H6] 7 7 7 y a 7 > T'W^t'- ? i:oi,>t:f L/: 
Do 

[flF-S-WlftW] 

i -KiaiafrK 

2- W7* 

3- 777->a7>7' 
4 -BRWJt 
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